ABSTRACT
Introduction
The use of wireless keypads and similar devices in the lecture/classroom converts a passive audience to active learners. This is accomplished by embellishing the lecture format with numerous teacher presented questions requiring immediate responses from students via keypads. A histogram of class responses is then projected, thus providing the teacher with rapid feedback. However, the keypads require multiple-choice (MC) questions to mate with the keypad entry. The format of the traditional MC response lacks flexibility since it is conventionally constrained to a limited number of choices and only one 'correct' response is allowed. In this article we discuss keypad usage and several important issues relating to the development and value of multiple-choice questions. We review the procedures for writing the traditional/standard MC question and we propose enhancements. These new questions which we call 'enhanced MC' questions encourage as many as ten answers. The answers can vary in their degree of correctness and can be assigned partial credit. Such features add flexibility to keypad use in the classroom. In addition, keypads provide improved classroom assessment tools as well as creating a stimulating interruption to the traditional lecture format for a wide spectrum of classrooms from secondary school levels through to college/university levels.
Features and Role of the Traditional Multiple-Choice Question
New technology has spawned devices like wireless keypads that have changed, and will further change the classroom and teaching procedures. Wireless keypad hardware mates well with multiple-choice questioning. MC questions can be used in classroom quizzes as well as major examinations. Multiple-choice testing has assumed this important role because it has proven to be an efficient and effective tool for assessing students' learning over large numbers of students, many disciplines and varying levels of knowledge. Consequently, one finds that major national and professional achievement tests such as the SAT, ACT, GRE and MCAT 1 examinations are constructed using the multiple-choice format. This format also has a potentially huge future role in the testing associated with the (United States) No Child Left Behind Act. 2 A major virtue of multiple choice tests is that they can be given frequently, require little time to grade, and thereby provide a continuous stream of assessments during a semester. In addition to assessing learning, multiple-choice questions help generate classroom discussion and can also be used to obtain information on student opinions and attitudes. Criticisms of multiplechoice testing correctly point out the increased difficulty in probing a student's ability to formulate opinions and organize critical arguments. These skills are better assessed by, e.g. essays, portfolios, non-algorithmic problem tests and research or project performance.
Given the important role that multiplechoice testing occupies, it is not surprising that there are many publications that describe the traditional methods for the construction of multiple-choice questions. 3 In this article we reference previous work and propose alternative methods for constructing multiplechoice questions with improved features and discuss their use with the technology of classroom response systems. We believe this information will be valuable to the many teachers who wish to construct multiple-choice questions with little background knowledge of the traditional procedures.
Format of a Traditional Multiple-Choice Test Item
The existence of a traditional/standard multiple choice format is evidenced by the fact that the tens of millions of multiple choice tests produced each year appear to have common elements and format. A traditional multiplechoice test item as illustrated in Table 1 , consists of two basic parts: (1) a problem (stem), and (2) a list of suggested solutions (alternatives/options). The stem may be in the form of a question or a problem. The suggested solutions (alternatives/options) ordinarily contain one correct or best alternative (answer) and a number of incorrect alternatives (distractors). Distractors 4 should appear as plausible solutions to the problem for those students who have not achieved the objective being measured by the test item. Conversely, the distractors should appear to be implausible solutions for those students who have achieved the objective. Only the best alternative (the answer) should be plausible to these knowledgeable students. Table 1 illustrates the construction of a traditional multiple-choice question with a, b, c, and d, the distracters for the question. Numerous examples of multiplechoice questions using physics concept questions can be found in reference.
5 Table 1 . Structure of a traditional multiple-choice question. 5 There is a detailed article in the literature about how to write the stems and how to write the distracters. 4 These suggested procedures appear well defined; for example the prescription that distractors are best constructed when comparable in length, complexity, and grammatical form to the answer, as seen in Table 1 .
The Classification of Multiple Choice Questions
Assessment efforts are directed to determining whether students have a grasp of important concepts. There are basically two types of assessment procedures, formative and summative. In the case of formative assessment, this information provides continuous feedback to the instructor and then to the students. In the case of summative assessment, the information is used to determine the extent of learning. The universe of assessment techniques is very large, but for the most part, tests of student progress are usually restricted to multiple-choice, problem solving, or essay questions. It is useful to classify the range/level of understanding covered by these testing questions. One way to assess foundational thinking skills is by using Bloom's Taxonomy. 6 This taxonomy has evolved into a classic work that organizes the levels of learning into six categories ranging from simple to complex. The levels can be classified as: Knowledge, Comprehension, Application, Analysis, Synthesis, and Evaluation.
There are many representations of Bloom's hierarchy and a condensed version follows.
The use of Bloom's Taxonomy allows one to classify the cognitive level of the multiplechoice questions presented. We later use this classification scheme to categorize our sample questions. only handled a limited number of choices. In addition, the scanning machines only allowed credit for one correct answer. In contrast, recent keypads systems and other real-time data entry systems are computer based and the software used for grading allows more possibilities. [8] [9] [10] For example, up to ten alternatives are possible for each question with most keypad systems.
Furthermore, the software allows each different answer to have a different score which could be related to its 'correctness'. Also new questions can be created on-the-fly to take advantage of the rapid feedback provided by a keypad response system. It is a huge advance for the teacher to be able to quiz and receive feedback from hundreds of students in seconds. All these factors suggest that at this time it is feasible and advantageous to modify and optimize the traditional multiple choice question.
Enhanced multiple-choice questions
Variations in the traditional multiple-choice question format have appeared. [11] [12] [13] [14] [15] We label this type of question as; an enhanced or partially correct multiple-choice (EMC) question.
The main advantages and characteristics of these enhanced EMC questions are:
EMC removes the restriction of limited choices per question EMC removes the limitation of one 'correct' answer per question EMC introduces the possibility of awarding partial credit for answers EMC with more choices allows one to simulate short essay type responses EMC makes it easier to create higher cognitive level questions (Bloom's Taxonomy)
Our EMC questions are physics based since they were developed for use with wireless keypads in introductory college physics courses at Illinois Institute of Technology. 8 However, the basic style of the questions is applicable to almost every science course and with many types of response systems. Our experience is that while some EMC questions do take more time to compose and answer, we find that students benefit from the associated discussion and welcome the partial credit features associated with these questions. Brief examples follow.
Problem #1 is used to assess whether students understand the underlying physics of the ballistic pendulum problem (a bullet fired into a block that is constrained as the bob of a pendulum). One answer is requested, but partial credit is given for some of the alternatives. In this case, a multiple-choice problem in the traditional format could not accomplish the quizzing goal as well as the EMC question because of the limited number of choices available. There are also elements of an essay type question here and this quasiessay question can be often used to focus on basic principles. Most important, is that the choices presented probe the students' understanding of a key concepts such the conservation laws of energy and momentum. When the teacher presents this question he/she gets immediate feedback on the student' understanding of concept and can immediately alter ongoing lecture if appropriate. 1 A bullet of 10gm strikes a ballistic pendulum (a bullet fired into a block that is constrained as the bob of a pendulum). The block has a mass of 2kg.
After the collision, the bullet emerges from the block with negligible velocity and the center of mass of the pendulum rises a distance of 12cm. Traditional multiple-choice questioning, as has been discussed, is one of the most commonly used procedures for classroom assessment. 16 This assessment usually takes the form of summative assessment because its purpose is to give a summary of achievement at various times and can be performed in large college classes because of the automated grading features provided by optical scanning devices. Wireless keypad systems and other polling devices 10 can replace the optical scanners since the questions can be similar and the grading is also automated. In addition, wireless keypads can also be used for formative assessment. The essential feature of formative assessment is that it inserts rapid feedback into the teaching and learning process. For this reason, keypads and other on-line devices are uniquely well suited for formative assessment in large classes because there is built-in prompt feedback measured in seconds which is otherwise not possible for a large audience. Quizzing with keypads 8 involves interrupting a 60 to 90 minute lecture 5-15 times with multiple-choice quiz questions and evaluating and recording the results. The results are transmitted from the computer and projected to the class. The teacher can immediately respond in a number of ways present a new or related question, initiate a group discussion etc. When the questions are complicated or when the questions are presented involving group discussion (peer learning mode), fewer questions can be asked during a class session. 13 On the other hand, more questions can be presented when the questions are simple, e.g. to test whether the reading assignment was done.
Formative assessment produces significant and often substantial learning gains according to the research of Black & William. 17 Another approach to understanding learning gains has been pioneered by Hake. 18 He has concluded, based on substantial experimental data, that learning gains are correlated to the extent of teacher-student interaction referred to as 'interactive engagement'. Actually, the use of formative assessment and 'interactive engagement' in the classroom are closely related activities since both activities involve classroom feedback. A careful reading of Hake 19 and Black and Wiliam 17 reveals this association.
In our classes we have often used formative assessment in a general way by asking the following keypad question (in an anonymous mode) at appropriate times during a lecture to instantly get student feedback on the progress of a lecture topic. Our feedback/data from this type of question indicates that students are alert and often request clarifications. In response, the teacher can quickly suggest additional questions, more clarifications, etc. This type of opinion question is not included in the classification scheme of Bloom's Taxonomy and might be just regarded as a student feedback/opinion question. None-the-less, this type of question is useful for the formative assessment process. This question is usually presented in the anonymous mode; where the teacher can tabulate the responses but does not know the identity of the responder.
In our classes many of the questions asked are presented in a non-anonymous mode, that is, the answer is graded and recorded in a computer file for each student. These questions are graded such that no answer receives 0 points, any answer receives 3 points; the correct answer receives 10 points; and when there is a partially correct answer, that answer would receive variable credit. With this particular grading system a student is encouraged to record an answer, and that answer would be expected to be his/her best choice. The accumulated scores for each student over an entire semester (summative assessment) can be used at the teacher's discretion to count for a portion of the course grade. Even in the extreme case where the grade is determined principally by a 'highstakes test', for example, as is in the case of the No-Child-Left-Behind yearly examination, the accumulated scores from semester-long keypad testing can be a useful supplement. 20 Keypad data is useful in classes, especially large classes, to give early information about weak, poorly prepared or non-attending students.
Summary and Conclusions
The traditional multiple-choice question has been the predominant format for the vast majority of achievement test questions. This standard format involves well-defined question generation procedures with which some teachers are unfamiliar. For this reason a study of the traditional procedures, as summarized in this paper, is a useful first-step in the process of test preparation. In this article, we also illustrate and identify different types of multiple-choice questions (enhanced multiplechoice/EMC). These types of questions are produced by altering the traditional multiplechoice format in a number of different ways. We maintain that these EMC questions are especially useful now because the software available with current computer driven classroom response systems allows a wider variety of questions and grading possibilities.
The ease and ability of obtaining rapid feedback from real-time student quizzing indicates that keypads and other on-line devices can play an important role in providing formative assessment data. 17 Further, it is our experience that summative assessment data can be obtained at the same time. As a result, keypads and multiple-choice questions can provide versatile and practical assessment procedures that can be applied to a wide spectrum of science and even non-science classrooms from secondary schools through to college/university levels.
